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Neutrino mass and baryogenesis
D. Falcone
Dipartimento di Scienze Fisiche, Universita` di Napoli, Via Cintia, Napoli, Italy
A brief overview of the phenomenology related to the seesaw mechanism and the
baryogenesis via leptogenesis is presented.
2A breakthrough in particle physics occurred in year 1998, when the SuperKamiokande
Collaboration announced evidence for oscillation of atmospheric neutrinos νµ [1]. Then,
in 2002, at the Sudbury Neutrino Observatory, evidence for flavor conversion of solar
neutrinos νe has been found [2], pointing to oscillation of solar neutrinos too. These
two important results come after a long series of experiments, back to the atmospheric
neutrino anomaly and the solar neutrino problem. The full terrestrial experiments K2K
and KamLAND confirm the above results for νµ and νe, respectively.
The most natural explanation of neutrino oscillations is that neutrinos have masses, and
leptons mix just (almost) like quarks do. In this case, neutrino mass eigenstates νi are
related to neutrino flavor eigenstates να by the unitary transformation να = Uαiνi, where
U is the lepton mixing matrix [3].
Oscillation experiments provide square mass differences and mixing angles. One has
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and the mixing matrix is given by
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with ǫ < 0.2, where Ue2 ≃ 1√
3
is related to solar oscillations and Uµ3 ≃ 1√
2
to atmospheric
oscillations.
Moreover, from cosmology (Large Scale Structure and Cosmic Microwave Background)
we get ∑
mi . 0.6 eV, (4)
from the tritium beta decay
U2eim
2
i . (2 eV)
2, (5)
and from the neutrinoless double beta decay
U2eimi . 1 eV. (6)
3Since m2
3
− m2
2
≫ m2
2
− m2
1
, even if the hierarchy is not so strong, we have three main
spectra for the effective neutrinos [4], namely the normal
m1 < m2 ≪ m3, (7)
the inverse
m1 ≃ m2 ≫ m3, (8)
and the quasi-degenerate
m1 ≃ m2 ≃ m3. (9)
From the summary of experimental informations we note that the neutrino mass is very
small with respect to quarks and charged leptons. Moreover, about the three independent
mixings, Uµ3, Ue2, and Ue3, we have Uµ3 maximal, Ue2 large but not maximal, and Ue3
small. This is in contrast to the quark sector, where the three independent mixings are
small or very small [5].
Both features, small neutrino masses and large lepton mixings, can be accounted for by
the seesaw mechanism [6]. It requires only a modest extension of the minimal standard
model, namely the addition of a heavy fermionic singlet, the right-handed neutrino νR.
In fact, this state permits to create a Dirac mass MD for the neutrino, which is related to
the electroweak symmetry breaking and thus expected to be of the same order of quark
or charged lepton masses. Moreover, it permits also a Majorana mass MR for the right-
handed neutrino, which is not related to electroweak breaking and thus can be very large.
Then the effective neutrino mass matrix is given by
Mν ≃MDM−1R MD = v2YDM−1R YD, (10)
where v is the v.e.v. of the standard Higgs field (electroweak breaking scale), and YD is
the Yukawa coupling matrix. This seesaw mechanism is called type I and of course gives
small Mν , since MD is suppressed by MDM
−1
R .
There is also a triplet seesaw mechanism, which requires a heavy scalar triplet T . In this
case
Mν =ML = YLvL, (11)
where vL is an induced v.e.v.,
vL = γ
v2
mT
. (12)
4The sum of the two terms gives the type II seesaw formula [7]
Mν ≃MDM−1R MD +ML. (13)
Note that in the type I term there is a double matrix product, which can generate large
mixings from small mixings in YD, and also in MR [8]. Instead in the type II (triplet)
term, there is only one matrix, so that large mixing is present or not, by hand...
Then we consider the type I term as fundamental and the triplet term as a kind of
pertubation.
Let us describe the effect on the mixing in the type II seesaw mechanism [9], using a
model for mass matrices [10], based on broken U(2) horizontal symmetry and simple
quark-lepton symmetry Me ∼Md, MD ∼Mu,
MD ∼


λ12 λ6 λ10
λ6 λ4 λ4
λ10 λ4 1

 mt, (14)
Me ∼


λ6 λ3 λ5
λ3 λ2 λ2
λ5 λ2 1

 mb, (15)
MR ∼


λ12 λ10 λ6
λ10 λ8 λ4
λ6 λ4 1

 mR. (16)
One could also adopt different mass matrices, keeping the analysis and possibly the results
quite similar. The type I seesaw mechanism gives
M Iν ∼


λ4 λ2 λ2
λ2 1 1
λ2 1 1


m2t
mR
, (17)
corresponding to a normal hierarchy. Moreover we assume that the triplet term is
M IIν = ML =
mL
mR
MR. (18)
This form can be motivated within left-right and SO(10) models. However, in the mood
of Ref.[10] we can think it to be generated by coupling to the same flavon fields as MR.
5Now, since we do not write coefficients in mass matrices, consider a different form of
matrix (17),
M Iν ≃


λ4 λ2 λ2
λ2 1 + λ
n
2
1− λn
2
λ2 1− λn
2
1 + λ
n
2


m2t
mR
, (19)
with n = 1, 2, 3, 4, which gives maximal Uµ3 but different Ue2, according to the value of
n. In fact, for n = 4 one has sin θ12 = 1/
√
2 and ǫ = 0, that is the bimaximal mixing. For
n = 3, 2, 1 we get sin θ12 ≃ 0.68; 0.58; 0.25; respectively.
The contribution from M IIν will we parametrized by the ratio
k =
mIIν
mIν
=
mLmR
v2
= γ
mR
mT
(20)
and leads to decrease of the mixing 2-3 and especially 1-2.
We consider numerical results in the following, but first the contribution from Me should
be taken into account. It is similar to the CKM matrix in the Wolfenstein form and gives
sin θe2 ≃ sin θ12 −
λ
2
, (21)
sin θµ3 ≃
1√
2
(
1− λ2) , (22)
sin θe3 ≃ −
λ√
2
. (23)
However, we should also study the Georgi-Jarlskog (GJ) option [11]
Me ∼


λ6 λ3 λ5
λ3 −3λ2 λ2
λ5 λ2 1

 mb. (24)
In this case we get
sin θe2 ≃ sin θν12 +
λ
6
, (25)
sin θ23 ≃
1√
2
(
1− λ2
)
,
sin θ13 ≃
λ
3
√
2
. (26)
6Finally we sum M IIν to M
I
ν and combine with the mixing coming from Me, and look for
agreement with experimental values of mixings.
We find the following results:
Case n = 4 requires 0 ≤ k < 0.05, or 0.08 < k < 0.18 for the GJ option.
Case n = 3 requires 0 ≤ k < 0.04, or 0.06 < k < 0.16 for the GJ option.
Case n = 2 is reliable only for the GJ choice with 0 ≤ k < 0.10.
Case n = 1 is not reliable at all.
Note that the presence of zero means that the triplet term can be absent. It is instead
necessary for n = 4, 3 in the GJ option.
In particular, the difference between the observed quark-lepton complementarity and the
theoretical prediction based on realistic (GJ) quark-lepton symmetry in cases n = 4, 3
could be ascribed to the triplet contribution within the type II seesaw mechanism [12].
We predict
θe3 ≃ λ/3
√
2 ≃ 0.05, (27)
which can be checked in future experiments.
7Now we consider a cosmological consequence of the seesaw mechanism, namely the baryo-
genesis via leptogenesis [13, 14]. It aims to reproduce the baryon asymmetry
ηB =
nB
nγ
= (6.1± 0.2) · 10−10 (28)
by means of the out-of-equilibrium decays of the right-handed neutrinos which generate
a lepton asymmetry partially converted to baryon asymmetry by electroweak sphaleron
processes [15].
The main formulas are
ηB ≃ 10−2kiǫi (29)
where
ǫ1 =
3
16π
(Y †DYD)
2
12
(Y †DYD)11
M1
M2
(30)
is a CP asymmetry related to the decay of the lightest right-handed neutrino, and
ǫ2 =
3
16π
(Y †DYD)
2
23
(Y †DYD)22
M2
M3
(31)
to the decay of the next-to-lightest right-handed neutrino. These formulas in the flavor
basis. For the matrix model considered above we get
ǫ1 =
3
16π
λ12 = 2.4 · 10−10 (32)
ǫ2 =
3
16π
λ8 = 1.5 · 10−7. (33)
The dilution ki depends mainly on the parameter m˜i = (M
†
DMD)ii/Mi. In the present
case we find m˜2 ≃ m1 ∼ 10−4 eV, in the weak wash out regime, k2 ∼ 0.1, so that
ηB ≃ 10−2 · 10−1 · 10−7 = 10−10 (34)
in agreement with the experimental value (28). This result should be considered as an
addendum to Ref.[16], where ǫ2 was not calculated.
In conclusion, the seesaw mechanism is able to explain the small neutrino mass, the large
and maximal mixing, and the cosmological baryon asymmetry.
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